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ABSTRACT 
 
Two test methods for measuring the heat release rate, HRR have been compared on fabric 
composites used for aircraft interior materials as side-wall panels. These methods are 
based on the principles of direct measurement of the convective and radiant heat by 
thermopiles using an Ohio State University (OSU) calorimeter, and oxygen consumption 
using a cone calorimeter. It has been observed when tested by standard procedures, cone 
results at 35 kW/m2 incident heat flux do not correlate with OSU results at the same heat 
flux. This is because in the cone calorimeter, the sample is mounted horizontally whereas 
the OSU calorimetric method requires vertical sampling with exposure to a vertical 
radiant panel. A further difference between the two techniques is the ignition source - in 
the cone it is spark ignition, whereas in the OSU it is flame ignition; hence, samples in 
the OSU calorimeter ignite more easily compared to those in the cone under the same 
incident heat fluxes. However, in this paper we demonstrate that cone calorimetric 
exposure at 50 kW/m2 heat flux gives similar peak heat release results as the 35 kW/m2 
heat flux of OSU calorimeter, but significantly different average and total heat release 
values over a 2 minute period. The performance differences associated with these two 
techniques are also discussed. Moreover, the effects of structure i.e., type of fibres used in 
warp/weft direction and design of fabric are also analysed with respect to heat release 
behaviour and their correlation discussed.  
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1. INTRODUCTION 
 
Textiles used inside commercial and more recently executive aircraft have to pass the 
stringent flammability requirements defined by the FAA specification JAR 25.853 Part 
IV Appendix F [1] and, by international agreement, all national aviation authorities 
subscribe to these regulations. According to this regulation the fabric when tested with an 
Ohio State University (OSU) calorimeter [2] at 35 kW/m2 heat flux, should yield no more 
than 65 kW/m2 for peak heat release rate (PHR) and 65 kW/m2 for total heat release 
(THR) over the first two minutes of exposure. Normally, fabrics used as decoration for 
wall panels are tested as fabric-faced composites on standard aramid honeycomb board as 
specified by an aircraft manufacturer (e.g. Airbus Industrie) or a board manufacturer 
(Schneller Inc, Ohio, USA) [3]. 
 
The present work is a part of UK DTI (Department of Trade and Industry) funded project 
(FLAREJET) that seeks to provide guidance for designing fabrics comprising exotic 
animal hair fibres to pass the FAA specification. A UK based company, Dalton Lucerne 
Ltd, has developed a range of exotic animal hair fibre weft yarns woven on polyester or 
silk warps, for use in luxury jets, which pass this stringent test. However, sometimes 
slight changes in design and/or fabric structure could cause a previously acceptable fabric 
to fail [3].  Attempts to use flame retardant treatments were sometimes effective and 
sometimes not, for no evident reason. The first part of the project involved a factorial 
analytical procedure to enable the optimization of different variables - the aramid board, 
type and level of flame retardant formulation used for the fabric, type and amount of 
back-coating and adhesive applied for sticking the fabric on the board [4]. For this study 
one fabric type was chosen and different variables (flame retardants, adhesives and back 
coatings) considered. Fire performance was assessed using the cone calorimeter [5], 
which is considered to be a more scientifically-founded instrument compared to the OSU 
calorimeter defined in JAR 25.853 Part IV. The latter is also difficult to access outside of 
accredited testing laboratories and consequently expensive to use. The greater availability 
and flexibility of the cone calorimeter has allowed us to accommodate design variables 
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and assess their affect on the final fire performance. The optimized formulation was then 
applied to other fabric samples, which were then tested for their fire behaviour using both 
cone and OSU calorimeters. Results reported previously [4] are discussed in greater detail 
and extended here.  An intended overall outcome of this research is to provide a means of 
assisting designers create fabric designs for exotic animal hair weft/ silk warp-containing 
woven fabrics, which in the presence of an optimized flame retardant system and as an 
assembled composite, will predictably pass the necessary aviation fire performance 
standards.  
 
2. EXPERIMENTAL 
 
2.1 Materials 
 
The following six 180 g/m2 fabrics comprising a variety of exotic animal hair fibres 
(mohair, alpaca and cashmere) and Sea Island cotton as weft yarns and silk or polyester 
warps, supplied by Dalton Lucerne have been selected and defined elsewhere [3,4] : 
 
 Mohair weft/ silk warp (MS)  
 Mohair weft/polyester warp (MP)  
 Cashmere weft/silk warp (CS)  
 Alpaca weft/silk  warp (AS)  
 Alpaca weft/polyester warp (AP)  
 Sea Island weft/silk warp (SS)  
 
2.2 Sample preparation 
 
Normally, fabrics used as decoration for wall panels are tested as fabric-faced composites 
on standard aramid honeycomb board such specified by an aircraft manufacturer (eg 
Airbus Industrie) or a board manufacturer (Schneller Inc, Ohio, USA) [3]. In practice, a 
given fabric requires a flame retardant (FR) treatment, the application of a back-coated 
resin to act as a base for an adhesive and an adhesive to fix it to a wall-board material. A 
variety of types and levels of flame retardants, back-coatings, and adhesives have been 
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studied in our previous work in order to achieve an optimized formulation [4]. From cone 
calorimetric results of these samples, optimized formulation has been achieved and this 
comprises the following process stages : 
 
 Fabrics were treated with a proprietary ammonium salt-based, semi-durable flame 
retardant equivalent to 1-2% by weight phosphorus on fabric. An aqueous 
solution of flame retardant was applied by padding on the fabric, drying at 120oC 
for 2 minutes  and curing at 130oC for 3 minutes. 
 The fabric was back-coated with a proprietary antimony/bromine-containing resin 
at 28% total solids add-on.  
 A selected commercial adhesive (40 g/m2) was applied to the back-coated face 
enabling it to be adhered to the board, whose surface had been pretreated with the 
same adhesive.  
 The fabric was then mounted on an aramid honeycomb board (Schneller Inc, 
Ohio, USA) typical of that used in the aircraft industry.  
 
2.3  Flammability testing 
 
OSU calorimetry : OSU testing was undertaken at laboratories of British Aerospace 
Systems, Woodford, UK according to JAR 25.853 Part IV. The results presented are 
average of three replicate tests per sample. 
 
Cone calorimetry : A cone calorimeter (Fire Testing Technology Ltd., UK) was used at 
different incident heat fluxes in an air atmosphere under free convective air flow 
conditions to expose 100 x 100 mm fabric samples according to ISO 5660. For 
comparison with OSU results, Schneller board and one composite sample (MS) were 
tested at different heat fluxes varying from 35 - 60 kw/m2. Based on these results given in 
Figs 1 and 2 (as discussed below) all other samples were tested at 50 kW/m2 heat flux. 
 
2.4  Image analysis 
Since previous work [3,4] had suggested that peak heat release values might be 
dependent upon fabric surface weft yarn concentrations as well as weft fibre type, it was 
 5 
necessary to determine them for all samples. As a consequence, normal visual fabric 
analysis of all the unpatterned fabrics was undertaken to determine percentage of weft 
yarn on the face (WF, %). These fabrics were also analysed by a commercial 
(DATACELL) image analysis software after taking the images of the fabrics with a 
digital camera attached to an optical microscope and analysis was done by measuring the 
weft or warp area on selected areas and then working out the respective weft percentages.  
 
For fabrics having complex designs and patterns, weft face yarn densities varied across 
and along fabrics. 80 x 80 mm fabric samples were scanned under high resolution (500 
dots per cm) to obtain digitised images. For those fabrics having very large motifs, it was 
possible to scan a complete motif, areas without motif and those including half a motif 
and half the surrounding area. The DATACELL image analysis software was then used 
to calculate weft face percentages at ten different places on 10 x 10 mm areas and results 
averaged.  
  
 
3. RESULTS AND DISCUSSION 
 
3.1 Determination of a suitable heat flux for cone calorimetry comparable to the 
35 kW/m2 OSU heat flux 
 
As discussed before, it was observed during testing that the cone results at 35 kW/m2 do 
not correlate with OSU results at the same heat flux [4]. Apart from different methods for 
heat release measurement - direct measurement of convective and radiant heat by 
thermopiles in OSU and oxygen consumption in the cone calorimeter - there are other 
differences between the two instruments [6], which can affect their comparative 
performances. Sample orientation is normally horizontal in the cone calorimeter with 
cone shaped radiant heater either horizontal or vertical. A horizontal geometry is more 
usually used. In the OSU calorimeter, sample orientation is vertical with a 
correspondingly vertical radiant panel. The other main difference is in the ignition source. 
In the cone calorimeter there is an electrical spark igniter, placed at a distance of 13 mm 
above the centre of the specimen in horizontal orientation and 5mm above the top of the 
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specimen holder at its centre in vertical orientation. In the OSU calorimeter there are two 
pilot burners, one at the bottom of the specimen and the other at top. The lower burner, 
with a single flame impinging on the exposed vertical surface of the sample is 5 mm 
above the lower edge of the specimen. This forces ignition of the specimen, while a 14-
flame-port upper burner located above the fabric sample upper edge is for ignition of the 
unburned fraction of pyrolysis products. The sample in the OSU calorimeter thus ignites 
more easily compared to the cone. Although in the present study the cone is used in the 
horizontal orientation, according to Hirschler [7] the time to ignition or TTI for a 
vertically-oriented condition is much higher than both the horizontal cone and vertical 
OSU configuration. TTI values for horizontally exposed samples in the cone are also 
higher than for OSU exposures. In vertical orientation using the cone, the volatiles from 
the materials often travel close to the spark igniter, but not close enough to ensure 
ignition. However, in the horizontal orientation, ignition occurs whenever the 
concentration of volatiles reach the lower flammable limit because of homogeneity of the 
geometrical distribution. The shorter time period observed in the OSU instrument is 
considered to be a partial consequence of the much higher localized heating flux imposed 
by the impinging igniter flame [7]. 
 
A preliminary experiment using the aramid honeycomb board only was undertaken in 
which exposure to varying heat fluxes in the cone calorimeter and 35 kW/m2 heat flux in 
the OSU calorimeter was observed. The experiment was then repeated for one fabric 
sample (mohair weft silk warp, MS) mounted on Schneller board. The results are given in 
Table 1. Since OSU tests were undertaken in an FAA-accredited laboratory, they provide 
an absolute benchmark for comparison. During recording of OSU results, heat release 
rate (HRR) is averaged over every 10s exposure time increment and from the HRR vs 
time plots, average HRR and total heat release values can be calculated. Cone 
calorimetric raw data was similarly averaged over every 10 s time interval, although the 
original raw data recorded every 1s. OSU and cone results are plotted in Figs. 1 (a) and 
(b), and 2 (a) and (b) for board and  fabric/board composites, respectively.  From cone 
calorimetric experiments other parameters such as time to ignition (TTI), mass loss, 
smoke, CO and CO2 production can also be calculated and these parameters, also 
averaged every 10 s, are plotted in Figs 1 (c - e) and 2 (c - e).  
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Heat release rates  
 
Aramid honeycomb (Schneller) board : For board only, OSU at 35 kW/m2 incident flux 
gave the values PHR = 55 kW/m2,  Av HRR = 19 and 18 kW/m2 ; THR = 42 and 92 kW/m2 
for 2 and 5 min, respectively as shown in Table 1. Ignition in the OSU calorimeter is 
instantaneous. In the cone calorimeter, there was no ignition for samples at 35 and 40 
kW/m2 heat flux and HRR over the initial 300 s period is very low as well, with no well 
defined peak (see Fig. 1(a)). At 45 kW/m2, the peak value is seen to be at 51 kW/m2, 
however, the time to peak or TTP value is  100 s compared to 44 s in the OSU experiment. 
This is due to delayed ignition (TTI = 82s) in the cone compared to immediate ignition in 
the OSU calorimeter. Moreover, the two instruments have different response times. For the 
cone calorimeter the response time for the whole systems depends mainly on two time 
components, that for the oxygen analyser response and that required for transport of the 
gases from the sample to the analysers. However, the OSU has a faster response time than 
the cone calorimeter [7] because it involves direct measurement of themocouple outputs 
located immediately above the ignited sample.  AvHRR and THR values over the first 2 min 
in the cone (15 and 34 kW/m2, respectively) are also less than determined by the OSU 
calorimeter (19 and 42 kW/m2), which is again due to the delay in ignition. However, 
AvHRR and THR values over the first 5 min for the cone (18 and 94 kW/m2) and the OSU 
(18 and 92 kW/m2) are similar. All the heat release rate values (PHR, AvHRR and THR) for 
this sample exposed at 50 kW/m2 heat flux in the cone calorimeter are higher than derived 
during OSU calorimetry as can be seen from Table 1. From this it can be concluded that 
HRR values for Schneller board with OSU at 35 kW/m2 and cone at 45 kW/m2 are 
comparable, especially if determined over a 5 min period.  
 
In a similar comparative study between OSU (modified for oxygen consumption) and 
cone calorimeters by Ostman et al [8], observed PHR values were higher in the OSU, 
possibly, because it is a closed system with some thermal feedback. Another reason might 
be the difference in spectral distribution of the incident radiation, which is important for 
determining the time-to-ignition for materials due to their different spectral absorbances. 
Total heat release values, THR for a given time after ignition are higher in the OSU 
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method and lower in the cone. This high value reported by the OSU probably is due to 
the higher PHR, and lower value for the cone is probably a consequence of temperature 
control of the cone heater, which receives a reduced electrical heat input when the flames 
heat up the radiator cone. 
 
Mohair/silk (MS) fabric on aramid honeycomb (Schneller) board : As can be seen 
from Table 1 and Fig. 2(a), when fabric is mounted on the board, in the cone calorimeter 
50 kW/m2 flux is the minimum level required to produce specimen ignition. At 35, 40 
and 45 kW/m2 incident fluxes PHR, AvHRr and THR values are low compared to OSU 
values. At 50 kW/m2, however, PHR values for cone (51 kW/m2) and OSU (50 kW/m2) 
calorimeters are similar. As can be seen for the board only, values of AvHRR and THR 
for 2 min for cone and OSU do not match, but calculated over 5 minutes exposure these 
values are comparable (See Table 1). All the heat release rate values from cone 
calorimetry at 60 kW/m2 are higher than from the OSU. Based on these results, it can be 
concluded that the OSU calorimeter at 35 kW/m2 heat flux produces comparable HRR 
values from samples exposed to the cone calorimeter at 50 kW/m2 incident flux; 
although, TTP values are different, because of the delayed time to ignition and greater 
response time in cone calorimetry.    
 
A number of researchers in the past have attempted to compare heat release by 
thermopile and consumption techniques using different calorimeters including cone and 
OSU calorimeters [7-13]. However, most of cases where two calorimeters are compared, 
involve modification to the instruments or the manipulations of the resultant data. For 
example, Filipczak and Lyon in a similar correlation study, have considered two 
variations to the cone tests for comparison purposes with the OSU calorimeter [9]. In the 
first one, the cone calorimeter was run in the normal way. Data was collected in the 
normal manner, however, the heat release curve was deconvoluted to correct for the slow 
oxygen analyzer response. Secondly, to simulate the OSU test, the cone was run in the 
vertical mode (i.e., with the heater horizontal, the sample vertically oriented) with a 
methane pilot for surface ignition. Using both modifications, peak heat release and 2-
minute heat release rate showed good correlation with the OSU results. This correlation 
works well for moderately flammable materials, whereas in our case the materials are not  
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flammable and time - to - ignition influences results obtained from different methods. 
Babrauskas [10,11] on the other hand has reported that the OSU calorimeter, whether 
used in thermopile or oxygen consumption mode, gives results which are roughly half the 
values of the ones obtained from the cone calorimeter at the same radiant heat flux. In a 
similar comparison, Ostman et al [8] modified the OSU calorimeter to include oxygen 
consumption detection. Moussan et al [12] have also compared the heat release 
measurements by thermopile and oxygen consumption methods, but the calorimeter used 
is different from the OSU calorimeter. Both heat and ignition sources in this calorimeter 
are more similar to those in the cone calorimeter and the results, as expected, showed 
good correlation. 
 
As seen from above discussion there is some discrepancy in correlations studied by 
different researchers in different labs, which to a certain extent probably depends upon 
type of materials tested. Our work differs from these literature citings in the sense that we 
have compared OSU and cone calorimetric techniques as used normally, i.e, without 
modification to the instrument or the data, for flame retardant materials.     
  
Other cone parameters and the effect of heat flux 
 
During cone calorimetry, mass data is also recorded and rate of mass loss gives insight 
into rate of decomposition of the polymer and hence, its potential flammbility character. 
Rate of mass loss increases with increasing heat flux are recorded in Figs 1(c) and 2(c), 
which are due to the more rapid decomposition of the polymer. 
 
At lower heat fluxes when the sample has not ignited, the CO production increases 
smoothly with exposure time. At 45 kW/m2 and higher heat fluxes when sample ignition 
has occurred, CO production is low in the beginning, but increases with time as the flame 
extinguishes as seen from Figs 1(e) and 2(e). CO2  production is low, as expected,  for 
non-ignited samples but increases with increasing heat flux (see Figs 1(f) and 2(f)). 
Smoke production also increases with increasing heat flux and peaks become sharper and 
shift towards lower times (see Figs. 1(d) and 2(d)), replicating time - to - ignition and 
burning behaviour. 
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Results for all fabric composite samples 
 
OSU results at 35 kW/m2 and cone results at 50 kW/m2 for all the samples are given in 
Table 2. The cone calorimetric results are similarly consistent within themselves and 
relate to respective OSU results [4]. All the fabrics except alpaca/polyester (AP) have 
passed the requirements of JAR 25.853 Part IV so would be suitable for use in passenger 
aircraft. Fabric composite AP yields a THR value of 68 kW/m2 over a 2 minute exposure 
period and so fails the maximum 65 kW/m2 criterion. 
 
While there is little, if any, published flammability data for these rare animal hair fibres 
available in literature, they should be similar to wool, which in general is inherently 
flame resistant with LOI of about 25 and low flame temperature of 680oC. Its high 
ignition temperature of 570-600oC is due to its higher moisture regain (8-16% depending 
upon relative humidity), high nitrogen (15-16%) and sulphur (3-4%) contents and low 
hydrogen (6-7%) content by weight [3,14]. Mohair fibres produced from angora goats, 
while being aesthetically superior to wool, has similar inherently flame retardant 
character due to high nitrogen and sulphur contents [3,15]. Alpaca fibres are produced 
from the species of llama, principally the llama, guanaco and vicuna. Fibres from the 
vicuna are the finest and because they have smooth exterior surfaces, they are similar to 
mohair in terms of aesthetic properties. Similarly cashmere fibres come from cashmere 
goats and are renowned for their extreme fineness and luxurious handle.  
 
From Table 2 it can be seen that when the fabrics have same weft fibre but different warp 
(i.e., silk or polyester), those having polyester warp give higher PHR and THR values 
than those with silk warps. Thus the mohair/silk (MS) composite has a lower PHR value 
than mohair/polyester (MP). Similarly alpaca/silk (AS) generates lower PHR and THR 
values than alpaca/polyester (AP) composites. On comparing fabrics having different 
weft fibre types, but the same silk warp, i.e., mohair/silk (MS), cashmere/silk (CS), 
alpaca/silk (AS) and Sea Island/silk (SS), it can be seen that Sea Island cotton 
surprisingly yields the lowest PHR values. Although Sea Island cotton as a typical 
cellulosic fibre, is more flammable than other fibres based on proteins, it is easy to flame 
retard and the applied flame retardant treatment in the present case is very effective and 
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probably more so than on the animal hair fibres. Of the animal hair types, mohair and 
alpaca have similar PHR and THR values, whereas cashmere  yields slightly higher 
values.     
 
3.2 Fabric Sensitivity Parameters with respect to Cone /OSU Performance  
 
Image analysis : Unpatterned  fabrics   
 
The unpatterned fabrics tested above each comprise about 60% weft and 40% (w/w) warp 
(see typical images in Fig.3 and results in Table 3) and so should present similar surface 
weft and warp fibre densities to the incident heat flux in each calorimeter. Arguably, it 
will be the loftier, staple spun weft yarns comprising animal hair or Sea Island cotton that 
will decompose first and provide the volatiles to fuel a significant part of the initial heat 
released. If this is the case, then a significant part of respective fabric/board composite 
PHR values may reflect the weft face fibre densities present as indicated above. Thus 
slight variations in PHR values in Table 2 may include slight changes in weft face fibre 
densities. For jacquard woven design fabrics comprising the same average weft and warp 
fibre yarns, designs are reflected in the varying weft-face densities across the woven 
design. It is possible, therefore, that PHR values may depend on design character even 
though the basic yarn compositions within the fabric is unchanged. Evidence to this 
possible effect was provided by commercial interest in this research at the start of this 
work [3]. 
 
Comparing heat release and weft face percentage results for mohair/silk (MS) and 
mohair/polyester (MP) in Tables 2 and 3, MP has a higher PHR value (62 kW/m2) than 
MS (58 kW/m2), which can be due to difference in their weft faces and fibre types in 
warp faces. Although the difference in values is very small considering the fact that 
coefficients of variation in cone results are normally about 10%, since these samples are 
at the borderline pass/fail condition (>65 kW/m2 value fails JAR 25.853 Part IV 
specifications), even  very small reductions in PHR values have significant commercial 
interest. MP has lower weft face percentage, hence, more warp polyester fibre is present 
at the surface compared to silk warp in MS. Polyester is more flammable than silk, hence 
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the higher PHR and THR values observed in MP. For alpaca weft fabrics, alpaca/silk 
(AS) and alpaca/polyester (AP), again alpaca/polyester has a lower weft face percentage, 
ie., more polyester warp on the surface compared to the silk warp in alpaca/silk and 
hence, yields higher heat release values. 
 
Image analysis : patterned fabrics 
 
For complex designs and patterns (eg. see examplar images in Fig.4), weft face 
percentages will vary across and along fabrics. In fact, for large designs and motifs, 
which exceed OSU and cone calorimetric fabric sample defined dimensions, exactly 
where each particular fabric is sampled may influence the observed heat release value 
because of weft face fibre density variations across the fabric width or length. Some 
selected fabric designs are given in Fig. 4. Fig. 4(a) shows a uniform design having a 
repeat area less than a calorimetric test sample and is repeated continuously throughout 
the fabric in length and width dimensions. In Fig 4(b) each lion motif represents a 130 x 
110 mm pattern repeated with 10 mm separation along the length and 30 mm separation 
along the width direction in an alternating manner. In Fig 4(c) the pattern is 180 x 130 
mm repeated with 10 mm separation along the length and 40 mm separation along the 
width direction in an alternating manner. In Figs 4(d) and (e) flower motifs are more 
irregular in shape and more scattered. In Fig. 4(e) the pansy flower motifs are of two 
sizes (160 x 135 mm and 70 x 80 mm) repeated with 2 mm separation along the length 
and 60 mm along the width direction. It is expected that for fabric samples with small 
uniform type of design (Fig.4(a)), results will be same when tested at different places. 
However, fabrics with large motifs, will have different amounts of warp or weft fibre 
type at different places and hence, may have different ignition and burning behaviours 
depending on where the fabric is sampled. DATACELL image analysis software was 
used to calculate weft face percentages at different places and results averaged.   
 
The details of the fabrics examined are given in Table 4. Fabric samples of 80 x 80 mm 
sizes were scanned under high resolution (500 dots per cm) to obtain images as shown in 
Fig.4 (a-e). The images were then imported into DATACELL image analysis software.  
A rectangular area of 10 x 10 mm was amplified to show warp and weft fibres. Areas 
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representing warp and weft faces were changed into different colours and the percent area 
of each colour calculated. As an example different steps used for one fabric, Fabric (d) 
are shown in Fig.5. Fig. 5(a) shows the first step where scanned image of 80 x 80mm 
fabric sample is imported into DATACELL software. A rectangular box of 10 x 10mm is 
selected, which is amplified in Fig.5(b) where individual warp and weft fibres can be 
seen. This image is turned into grey scale version. In Fig.5(c) the grey scale range for 
each different colour of the design (used for warp and weft yarns and additional colours, 
if used in the design) is converted to different colour ranges. Each selected colour range 
(representing a given coloured area of the design) may now be expressed as an area and 
thus as a percentage of the whole area in a given rectangle. Fig.5(d) shows measurements 
of percentages of areas of the different colours in the design, which also represent areas 
of warp and weft yarns.   Results presented in Table 4 are each on average of ten values 
for a given fabric, with 10 x 10 mm rectangular areas (box (x) in Fig.5(a)) selected at 
different places. Fabric (a) has a small uniform design (see Fig.4(a)), hence any 10 x 10 
mm box selected for percentage area measurements (see Fig.5(a)), will not have 
significant variations in percentage weft face values, when selected at different places 
across the fabric. In Fabric (b) on the other hand, whether or not the box is selected on the 
head or body of the lion will give different percentage weft face values than when 
selected on the background fabric (without any design motif). This case is similar for 
other large motif fabrics, e.g., for Fabric (d) the values will be different when measured 
on an area with flowers, stems or the background. Hence, in Table 4, for Fabrics (b) - (e) 
two values of weft face, with and without design motif are recorded along with respective 
averaged values.      
 
The cone calorimetric results of these fabrics are given in Table 5.  As can be seen from 
Table 5, fabric (sample b1) (with design motif) shows a higher PHR value than fabric 
(sample b2) (with no design), which is probably due to the design motif area having less 
weft face mohair and hence, more warp, i.e., more polyester on the surface than the 
sample without a motif (see Table 4). A similar effect is seen for fabrics (c) and (e) 
samples, with and without respective design. Fabric (d) did not ignite and hence, showed 
no real trend.  
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Generally the results show that all fabrics with 40-57 % weft face percentages can pass 
OSU test requirements. With silk warp, in particular, there is a greater likelihood in 
achieving a pass, but if the warp is polyester, then OSU test results may indicate a 
borderline case and it is important in designing such fabrics to maximise the weft face 
animal hair fibre content.  
 
These results also emphasize the importance of maintaining uniformity in sample 
preparation for fire testing. The results obtained by different individuals / labs can be 
different depending upon their method of cutting and presenting the test panels.     
 
4. CONCLUSIONS 
 
The cone and OSU calorimeters, if used to assess flammability performance of a series of 
fabric composites tested according to ISO 5660 and FAR 25.853 Part IV, respectively, do 
not give similar results at a particular heat flux. The main reasons for this are the different 
ignition sources and methods for measuring HRR in these two instruments. For samples 
that are difficult – to - ignite, it was observed that results at 35 kW/m2 in the OSU 
correlate with those from cone calorimeter at 50 kW/m2 for PHR values. However the 
PHR is delayed in the latter because of the spark ignition source used. Due to delayed 
ignition in the cone, THR for 2 min values are also different than in OSU calorimeter, 
however, all the values after 5 min exposure are similar.  
 
When designing patterned fabrics comprising exotic animal hair fibre (eg, mohair), if a 
silk warp is used, then design variations will have little effect on fire performance. 
However, with the more flammable polyester warps present, the design should maximise 
the weft face percentage if the fabric is to pass the FAA requirements for OSU tests at 
35kW/m2 with confidence. 
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Fig.1. OSU at 35kW/m2 and cone calorimetric results at different heat fluxes for aramid 
honeycomb (Schneller) board.  
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Fig.2. OSU at 35kW/m2 and cone calorimetric results at different heat fluxes for 
mohair/silk (MS) fabric composite.  
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           Polyester warp 
 
a)         Mohair weft 
Mohair weft / polyester warp (MP)  
            
 
 
Silk warp 
b)         Alpaca weft 
Alpaca weft / Silk warp (AS) 
 
  
 
Fig. 3. Optical microscopic image of a) mohair/polyester (MP) and b) alpaca silk (AS) 
fabrics at  10X magnifications.  
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Fig.4. Scanned images of patterned fabrics. 
 
 
 
 
 
 
 
 
 
 
 
 
a) Mohair weft / silk warp  b) Mohair weft / polyester warp    c) Mohair weft / polyester warp 
(38.3 % weft face)    (47.8 % weft face)     (49.0 % weft face) 
 
 
    
 
d) Sea island weft / silk warp   e) Sea island weft / silk warp 
   (57.2 % weft face)     (55.9 % weft face) 
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Fig.5. Different steps of DATACELL image analysis software to measure weft face (%) 
of patterned fabrics. 
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Table 1. OSU at 35kW/m2 and cone calorimetric results at different heat fluxes for aramid honeycomb (Schneller) board and mohair/silk 
(MS) fabric composites  
 
Sample  Incident heat flux Wt   TTI     PHR    TTP   AvHRR     AvHRR      THR  THR 
         (kW/m2)  (g)  (s) (kW/m2) (s) (kW/m2/min)   (kW/m2/min)   (kW/m2/min)      (kW/m2/min)
           (2 mins)        (5 min)        (2 mins)         (5 min)   
   
Schneller board (SB) 
OSU    35  31.0      55  44  19  18  42  92  
Cone    35  12.0     -     18  270  3  7  7  38 
    40  11.3      -     23  230  4  13  9  65 
    45  11.4     82     51  100  15  18  34  94 
    50  11.8     68     66  80  23  23  51  119 
 
Mohair/Silk on Schneller board   
OSU    35  33.0      50  30  26  19  56  101  
Cone    35  14.7      -     6  230  3  4  6  20 
    40  14.3      -     19  240  7  12  14  60 
    45  14.5      -     21  170  10  15  21  75 
    50  14.4      94     51  110  13  18  28  95 
    60  15.1      51     65  70  28  27  61  138 
Key : TTI = time to ignition ;  PHR = peak heat release rate ;  TTP = time to peak ;  AvHRR = average heat release rate ;  THR = total heat release  
 2 
Table 2. OSU at 35kW/m2 and cone calorimetric results at 50kW/m2 heat fluxes for different fabric composites  
 
Sample   Incident heat    TTI      PHR     TTP   AvHRR        AvHRR  THR  THR 
flux (kW/m2)   (s)  (kW/m2) (s) (kW/m2/min) (kW/m2/min)    (kW/m2/min)   (kW/m2/min) 
           (2 mins) (5 min) (2 mins) (5 min)  
1. Mohair/Silk (MS)  
OSU    35  -  58  25  26  19  56  101  
Cone    50  71  56  97  8  16  17  84   
 
2.Mohair/Polyester (MP) 
OSU    35  -  62  24  30  23  64  120  
Cone    50  72  66  88  16  17  35  90 
    
3. Cashmere/Silk (CS) 
OSU    35  -  61  27  26  21  57  110  
Cone    50  65  57  76  20  18  43  93 
    
4. Alpaca/Silk (AS) 
OSU    35  -  58  25  25  20  54  102  
Cone    50  78  48  96  14  15  31  80 
    
5. Alpaca/Polyester (AP) 
OSU    35  -  59  24  32  28  68  143  
Cone    50  72  64  82  20  18  42  95 
    
6 Sea Island/Silk. (SS) 
OSU    35  -  39  77  25  22  54  112  
Cone    50  75  46  83  19  18  41  95 
     
Key : TTI = time to ignition ;  PHR = peak heat release rate ;  TTP = time to peak ;  AvHRR = average heat release rate ;  THR = total heat release  
 3 
Table 3. Fabric analysis results for unpatterned fabrics 
   
Fabric       Weft Face (%)   Weft Face (%)       
       by fabric analysis  by image analysis     
 
Mohair weft/silk warp (MS)     50.0    47.4    
Mohair weft/polyester warp (MP)    47.4    34.8 
Cashmere weft/silk warp (CS)    56.8    48.6 
Alpaca weft/silk  warp (AS)     50.0    47.0 
Alpaca weft/polyester warp (AP)    42.2    37.0 
Sea Island weft/silk warp (SS)    50.6    57.9  
 4 
Table 4. Image analysis results for patterned fabrics 
 
No.    Fabric        Weft CF (%)   
       
        Design area  Outside of major  Average 
           design area / motif  
 
Fabric a Mohair weft/silk warp   38.3   38.3    38.3 
Fabric b Mohair weft/polyester warp    46.1   49.5    47.8   
Fabric c Mohair weft/polyester warp     44.7   52.1    49.0   
Fabric d Sea island weft/silk warp   55.1   58.7    57.2   
Fabric e Sea island weft/silk warp   51.3   57.4    55.9  
 
 
 5 
Table 5. Cone results for patterned fabric composite samples at 50 kW/m2 heat flux 
 
Sample     Wt    Thickness TTI  PHR   TTP  AvHRR in 2 mins 
      (g)     (mm)  (s)     (kW/m2)  (s)  (kW/m2)    
 
Fabric a     14.7  3 88  41  103  19  
Fabric b 1 (with design motif)   15.0  3 69  58  80  25   
Fabric b 2 (no design)    15.0  3 77  55  85  24   
Fabric c 1 (with design motif)  14.7  3 57  53  76  25  
Fabric c 2 (no design)    14.4  3 67  46  95  23  
Fabric d 1 (with design motif)  15.0  3 -  15  68  6  
Fabric d 2 (with half design motif)  15.3  3 -  16  71  5  
Fabric d 3 (no design)    15.3  3 -  19  67  8  
Fabric e 1 (with design motif)  14.5  3 53*  50  60  18  
Fabric e 2 (no design)    14.5  3 206  25  141  13  
 
 * 1 specimen out of 3 did not ignite but glowed 
Key : TTI = time to ignition ;  PHR = peak heat release rate ;  TTP = time to peak ;  AvHRR = average heat release rate ;  THR = total heat release  
 
 
